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Spatial and temporal evolution features of cooling extremes in
China during winter half year from 1960 to 2015
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Abstract Based on the daily minimum temperature of 2 474 stations in China from 1960 to 2015
seven climatic regions were divided by REOF method. Regional averages of the thresholds of cooling
extent of temperature over seven regions seven cooling thresholds were obtained. The average
temperature thresholds of the seven regions are different and get smaller from north to south with a
maximum decrease of 10. 6 °C and a minimum of 7. 6 °C. The Cooling Extremes ( CE) were defined and
the temporal and spatial features of extreme cooling events in winter half year were studied. The results
show that there is a significant spatial difference in occurrences of cooling extremes in the half year of

winter presenting a spatial pattern of occurrences with more occurrences in the north whereas less
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occurrences in the south. There are multiple centers with high frequency in the northern and two high-

frequency zones around 42°N and 35°N. The occurrence frequency near 25°N is higher than in other

parts of the south. Over the past 56 years the CE frequency has a decreasing trend which is more

clearly seen in the earlier period. The spatial distribution of frequencies in each decade looks similar to
each other. The abrupt changes in frequency of CE events are not uniform in spatial. In some regions the
time when the abrupt changes occur is earlier but in other regions later. These results can provide clues
for deep understanding of the law of extreme low temperature events and climate prediction.

Key words cooling extremes; spatial and temporal features; winter half year; China
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Table 1  Sub-regions identified on the basis of contribution rate of the REOF modes to total variance of daily minimum temperature

in China during the winter half year of 19602015

REOF / /
% %
Sub-region 1 REOF1 17.54 17.54 (31°~40°N 115°~122.5°E)
Sub-region 2 REOF2 9.44 26.98 (40°~43°N 95.5°~115°F) ; (35°~40°N 104°~115°E) ;
Sub-region 3 REOF3 6.04 33.02 (40°~50°N 80°~95. 5°F)
Sub-region 4 REOF4 5.78 38.8  (27.5°~31°N 114°~122.5°E) ; (25°~27.5°N 114°~120. 5°F) !
Sub-region 5 REOFS 5.28 44.08 (21°~25°N 110°~119°F)
Sub-region 6 REOF6 2.80 46.88 (25°~30°N 104°~114°F) ; (27. 5°~40°N 75° ~ 104°F)

Sub-region 7 REOF7 2.28 49. 16 (40°~43°N 115°~131°E); (43°~50°N 115°~135°E)
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27 (P1—P7) 7 REOF  (RI—R7)

Table 2 Correlations of the winter half year mean 7, in the seven regions ( P1-P7) with time series of

coefficients of the seven REOF modes ( R1-R7)

R1 R2 R3 R4 R5 R6 R7
P1 0.76 0. 08 0.09 -0.23 -0.16 -0.22 0. 48
P2 0.26 0.83 0.05 0. 08 0.37 0.09 -0.05
P3 0.09 -0.04 0.93 -0.29 0.36 0 -0.35
P4 0.35 0.02 0.13 0.74 -0.24 -0.19 0.27
pP5 -0.36 0.07 0.3 -0.12 0.70 0.01 -0.19
P6 -0.38 0.21 -0.43 0.11 -0.16 0. 69 -0.17
p7 0.1 -0.37 -0. 04 0. 14 -0.24 -0.51 0.71
5 Ja.

3
Table 3 Number of stations and threshold for extreme cooling events

in different sub—egions of China

/C
1 /a o
Region 1 378 -8.2
Region 2 327 -9.5 1 /a.
Region 3 79 -10.2 1 /a.
Region 4 384 -7.9 42°N  35°N
Region 5 260 -7.6 o 25°N
Region 6 225 -8.7 °
Region 7 264 -10.6 4.3
4.2 1960—2015
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Fig.2 Spatial distribution of threshold (a unit: 0.1 °C ) and frequency( b unit: times) of extreme cooling events in
China during the winter half year of 19602015
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Table 4 Frequencies of CE events in different regions of China in winter half year

Region 1 1968 2 2007 0.1 1983—1993 1.1 0.8
Region 2 2008 2.1 2011 0.4
Region 3 1966 2.5 2011 0.4 1979 1.5 1.1
Region 4 1965 2.8 1983 0.2
Region 5 1965 3.2 2014 0.3 1974 1.3 0.9
Region 6 1976 2.2 1996 0.8 1995—1998 1.6 1.5
Region 7 1965 2.5 2007 0.4 1975 1.6 1.1
o Region 2
Region 4
1974—1998
3544
REOF
7 o
7 o
7 8.2 C. IPCC. Climate change 2001: synthesis report. Cambridge:

-9.5C.-10.2 €.-7.9 C.-7.6 C.-8.7 C
-10.6 C -

o 42°N
35°N o
25°N
56 a
1970s
1990s
1990s

Cambridge University Press 2001: 373.
ZHANG Zongjie QIAN Weihong. Identifying regional prolonged
low temperature events in China. Adv. Atmos. Sci. 2011 28
(2): 338351.
REN Fumin CUI Donglin GONG Zhigiang et al. An objective
identification technique for regional extreme events. J. Climate
2012 25(20) : 70157027.
. 2008 1
2008 13(4): 337-350.
TAO Shiyan WEI Jie. Severe snow and freezing—rain in January
2008 in the southern China. Climatic and Environmental Research
(in Chinese) 2008 13(4): 337-350.
2008 1

2008 66(5): 808-825.
DING Yihui WANG Zunya SONG Yafang et al. Causes of the
unprecedented freezing disaster in January 2008 and its possible
association with the global warming. Acta Meteorologica Sinica ( in
Chinese) 2008 66( 5) : 808-825.

ZHOU Wen Chan J] C L CHEN Wen

et al. Synoptic-scale

controls of persistent low temperature and icy weather over southern



742

40

10

11

12

14

15

16

China in January 2008. Mon. Wea. Rev. 2009 137 ( 11):
3978-3991.
. 2009
2011 69(2): 320-333.
SHEN Baizhu LIU Shi LIAN Yi et al. An investigation into
2009 summer low temperature in Northeast China and its
association with prophase changes of the air-sea system. Acta
Meteorologica Sinica (in Chinese) 2011 69( 2): 320-333.
. 1960—2009
2012 8(1):

8-5.

WANG Xiaojuan GONG Zhigiang REN Fumin et al. Spatial/
temporal characteristics of China regional extreme low temperature
events in winter during 19602009. Advances in Climate Change
2012 8(1): 845.

Plummer N Salinger M J Nicholls N et al. Changes in climate

Research ( in Chinese)

extremes over the Australian region and New Zealand during the
twentieth century. Climatic Change 1999 42( 1) : 183-202.
Bonsal B R ZHANG Xuebin Vincent L A et al. Characteristics
of daily and extreme temperatures over Canada. J. Climate 2001
14(9) : 1959-1976.

De Gaetano A T Allen R J. Trends in twentieth-century
temperature extremes across the United States. J. Climate 2002
15(22) : 3188-3205.

Vincent L A Peterson T C Barros V R et al. Observed trends in
indices of daily temperature extremes in South America 1960-2000.

J. Climate 2005 18(23): 5011-5023.

2013 33(5): 549-554.
LUO Mengsen XIONG Shiwei LIANG Yufei. Comparative study
of calculated threshold values in regional extreme precipitation.
Journal of the Meteorological Sciences ( in Chinese) 2013 33
(5): 549-554.
2002 28
(10) : 2831.
PAN Xiaohua ZHAI Panmao. Analysis of surface air temperature
extremum. Meteorological Monthly ( in Chinese) 2002 28( 10) :
28-31.
50 a
2003 58(S1): 140.
ZHAI Panmao PAN Xiaohua. Change in extreme temperature and
precipitation over northern China during the second half of the 20th
century. Acta Geographica Sinica ( in Chinese) 2003 58( S1):
1-0.
Gleason B Easterling D.
2001 17(3): 308-313.

REN Fumin Gleason B Easterling D. A numerical technique for

partitioning cyclone tropical precipitation. Journal of Tropical

Meteorology ( in Chinese) 2001 17(3): 308-313.
50 a
2014 57(6): 1782-1791.
KUANG Xueyuan WANG Zunya ZHANG Yaocun et al.

Identification and statistical characteristics of the cluster high

19

20

21

22

23

24

25

26

temperature events during last fifty years. Chinese Journal of
Geophysics ( in Chinese) 2014 57(6): 1782-1791.
195-204.
et al. The

2012 23(2):
GONG Zhigiang WANG Xiaojuan CUI Donglin
characteristics of regional low

identification and changing

temperature extreme events. Journal of Applied Meteorological

Science ( in Chinese) 2012 23(2): 195204.
. 1955—2005
2008 31(1): 123-128.

ZHANG Ning SUN Zhaobo ZENG Gang. Change of extreme

temperatures in china during 1955-2005. Journal of Nanjing

Institute of Meteorology (in Chinese) 2008 31(1): 123-128.
. 1955—2006
2011 31(3): 274-281.

FU Dongxue SUN Zhaobo LI Zhongxian et al. Spatial and

temporal features of China extreme minimum temperature in winter

half year during 1955-2006. Journal of the Meteorological Sciences

(in Chinese) 2011 31(3): 274-281.
45 a
2010 30(1): 8792.
PAN Aoda FAN Sudan CHEN Haishan. Characteristic of

extreme climate change over Jiangsu Province in the last 45 a.
2010 30(1):

Scientia Meteorologica Sinica ( in Chinese)

87-92.

2011 34(5): 574-582.
ZHANG Feiyan XU Haiming. Spatial/temporal variations of
spring extreme low temperature in Northeast China and its
relationship with SSTA in

Ocean. Transactions of

34(5) 1 574-582.

Atlantic
Atmospheric Sciences ( in Chinese) 2011
. 1951—1990
1998 22(2): 217227.
REN Fumin ZHAI Panmao. Study on changes of China’ s extreme
temperatures during 1951-1990. Scientia Atmospherica Sinica ( in

Chinese) 1998 22(2): 217227.

2012 42( 12):
1951-1965.
CHEN Haishan LIU Lei ZHU Yuejia. Possible linkage between

winter extreme low temperature events over China and synoptic—

scale transient wave activity. Science China Earth Sciences ( in

Chinese) 2013 56(7): 1266-1280.

2014 44(10) : 42-50.
HUANG Fei HU Beibei ZHOU Xiao et al. Multi-scale
variations of winter extreme minimum temperature in China.
Periodical of Ocean University of China ( in Chinese) 2014 44
(10) : 42-50.
ZHANG Yi Sperber K R Boyle J S. Climatology and interannual

variation of the East Asian winter monsoon: results from the 1979—
95 NCEP/NCAR reanalysis. Mon. Wea. Rev. 1997 125( 10) :
2605-2619.



28

29

30

31

32

33

34

35

36

37

frequency of China in the last 53 years and the possible reasons.
2006 30

Chinese Journal of Atmospheric Sciences ( in Chinese)

(6): 1068-1076.

2002 11(1): 19.

HUANG  Ronghui ZHOU Liantong.

Research  on  the
characteristics  formation mechanism and prediction of severe
climatic disasters in China. Journal of Natural Disasters ( in

Chinese) 2002 11(1): 19.

2008 18(3): 289-295.
WEI Fengying. Characteristics of cold surge disaster in China
under the background of climate warming. Progress in Natural
2008 18(3): 289-295.
46 a
2007 31(6): 1266-1278.
QIAN Weihong ZHANG Weiwei. Changes in cold wave events

Science ( in Chinese)

and warm winter in China during the last 46 years. Chinese Journal
of Atmospheric Sciences ( in Chinese) 2007 31 ( 6):
1266-1278.

Lorenz E N. Empirical orthogonal functions and statistical weather
prediction. Cambridge MA  USA: Massachusetts Institute of

Technology Department of Meteorology 1956: 1-49.

1988 14(9) : 49-51.

HUANG Jiayou. The application of rotational principal component
analysis in weather and climate analysis. Meteorological Monthly
(in Chinese) 1988 14(9): 49-51.

North G R Bell T L Cahalan R F et al. Sampling errors in the
estimation of empirical orthogonal functions. Mon. Wea. Rev.

1982 110(7) : 699-706.

Hamed K H Rao A R. A modified Mann-Kendall trend test for
1998 204(1/2/3/4) : 182-196.
MA Fenhua. Possible combined

autocorrelated data. J. Hydrol.
CAI Jiaxi GUAN Zhaoyong
influences of absorbing aerosols and anomalous atmospheric
circulation on summertime diurnal temperature range variation over
the middle and lower reaches of the Yangtze River. J. Meteor.

Res. 2016 30(6): 927-943.

/ . 2003 22(1): 743.
CHEN Mingxuan GUAN Zhaoyong XU Haiming. A simple study

on relation of winter-spring Greenland sea ice change with air

temperature / precipitation in early summer of China. Plateau
Meteorology ( in Chinese) 2003 22(1): 7-3.
.9  CMIPS

2015 38(5):

38

39

40

41

42

43

44

6 1 1960—2015 743
27 53 a 588-598.
2006 30(6): 1068-1076. HU Chao LU Chuhan GUAN Zhaoyong et al. Seasonal cycle of
WANG Zunya DING Yihui. Climate change of the cold wave atmospheric mass migrations between continents and oceans

simulated by nine CMIP5 models. Transactions of Atmospheric
Sciences (in Chinese) 2015 38(5): 588-598.

2014 44 (7):
1519-1531.
HU Chao GUAN Zhaoyong LI Minggang. The seasonal cycle of
redistribution of atmospheric mass between continent and ocean in
the Northern Hemisphere. Science China Earth Sciences ( in

Chinese) 2014 57(7): 1501-1512.

2014 30(1):

64-72.
LU Chuhan HUANG Lu HE Jinhai et al. Interannual variability
of heat content in western Pacific warm pool and its impact on the
Eastern Asian climatic anomaly. Journal of Tropical Meteorology
(in Chinese) 2014 30(1): 64-72.

AOD

2019 42(2): 255-266.
MA Fenhua GUAN Zhaoyong. Features of AOD at different levels
in eastern China in association with East Asian winter monsoon.
Transactions of Atmospheric Sciences ( in Chinese) 2019 42

(2): 255-266.

2016 74(3): 367-379.
ZHOU You GUAN Zhaoyong ZHANG Qian et al. Circulation
anomalies and their impacts on autumn temperature variations over
China in association with different phase combinations of
atmospheric mass migration between lands and oceans and inter—
hemispheric oscillations. Acta Meteorologica Sinica ( in Chinese)
2016 74(3): 367-379.
ZHANG Qian GUAN Zhaoyong LI Minggang. The Eurasia-North
Pacific Oscillation in atmospheric mass variations independent of
both IHO and AO and its possible impacts on winter climate.
Climate Dyn. 2018 50( 11/12) : 4303-4322.
( ) 2006 42(6):
549-561.
XIE Xiaohan YANG Xiuqun. Interannual relationship between
Arctic sea ice concentration anomaly and China air temperature
variation during winter. Journal of Nanjing University ( Natural
Sciences) (in Chinese) 2006 42(6): 549-561.
LIU Chao HU Haibo ZHANG Yuan et al. The direct effects of
aerosols and decadal variation of global sea surface temperature on
the East Asian summer precipitation in CAM3. 0. J. Trop. Meteor.

2017 23(2): 217-228.



